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TITLE 

METHOD OF FORMING BIT LINE CONTACT VIA 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a method of forming a 

bit line contact via, and more specifically to a method of 
forming a conductive layer in the bit line contact via. 
Description of the Related Art 

As the integrity of integrated circuits increases, the 
10 size of semiconductor devices are reduced i A 64MB dynamic 
random access memory (DRAM) device for example, has a 
design requirement of 0.3ijm or less, while the design 
requirement of 128MB and 256MB DRAM is as low as 0 - 2vLm or 
less . 

15 When the line width of a bit line contact structure is 

reduced to approximately 0.11|im, for example, the width of 
the drain region exposed by a bit line contact via is also 
reduced to approximately 0.03 8|im or less. When forming a 
conductive layer as a bit line contact (CB) in the bit line 

20 contact via, CB opening and word line-bit line shorts 
frequently occur, resulting in device failure, thereby 
negatively affecting the yield and cost of the process. 

Figs. lA through IF are cross-sections illustrating 
these problems in the conventional method of filling a bit 

25 line contact via. 

In Fig. lA, a substrate 100, such as single 
crystalline silicon, having a transistor structure, is 
provided. The substrate 100 has a gate electrode 120 
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protruding from an active surface of substrate 100. A 
drain region 112 and source region 114 are disposed on the 
active surface on two sides of the gate electrode 120 
respectively. The gate electrode 120 is a word line, 
5 having a multi- level structure as needed. For example, the 
gate electrode 120 in Fig. lA can include a gate dielectric 
layer 121, a polycrystalline silicon layer 122 and a metal 
silicide layer 123 serving as conductive layers, and a hard 
mask layer 124 sequentially the active surface of the 

10 substrate 100. The gate electrode 120 further has a spacer 
125 on the sidewall, resulting in width of exposed drain 
region 112 between two neighboring gate electrodes 12 0 as 
large as approximately 0.038|im or less when the design 
requirement is reduced to approximately O.llpm. 

15 In Fig. IB, a dielectric layer 13 0 and patterned 

resist layer 191 are sequentially formed on substrate 100. 
The patterned resist layer 191 has an opening 191a exposing 
a part of dielectric layer 130 at a predetermined position 
of a subsequent bit line contact via. The dielectric layer 

20 is typically between about 0.3ijm to 1.0pm thick. 

The subsequent steps include removing the exposed 
dielectric layer 13 0 in order to form the bit line contact 
via exposing the drain region 112, and filling a metal 
layer in the bit line contact via as a bit line contact. 

25 Figs. IC and ID show the CB opening and Figs. IE and IF 
show a word line-bit line short occurring in the 
aforementioned steps . 

In Fig. IC, dielectric layer 13 0 exposed by opening 
191a is removed by anisotropic etching, using patterned 

30 resist layer 191 as an etching mask, in order to form a 
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via 131, as a bit line contact via, exposing drain region 
112, The patterned resist layer 191 is then removed. As 
mentioned above, width of the exposed drain region 112 is 
approximately 0,03 8vim or less, resulting in via 131 being 
5 extremely deep relative to the dielectric layer 130. The 
etching reaction slows as the dielectric layer 13 0 at the 
bottom of via 131 is etched, resulting in incomplete 
etching of the dielectric layer 13 0 remaining at the 
bottom of via 131, failing to expose drain region 112. 

10 In Fig. ID, a barrier layer 14 0 and conductive layer 

150 are formed sequentially in via 131 as a bit line 
contact. The bit line contact fails to electrically 

connect to drain region 112 resulting from the remaining 
dielectric layer 130 between the barrier layer 140 and 

15 drain region 112. Thus, a CB opening occurs. 

In Fig. IE, after the step shown in Fig. IB, 
dielectric layer 130 exposed by opening 191a is removed by 
anisotropic etching, using patterned resist layer 191 as 
an etching mask, in order to form a via 131', as a bit 

20 line contact via, exposing drain region 112. The 
patterned resist layer 191 is then removed. In order to 
completely remove the dielectric 13 0 at the bottom of via 
131', over-etching is performed on dielectric 130. As 
shown in Fig. lA or IB, hard mask layer 124 and spacer 12 5 

25 protect gate electrode 120 from electrically connecting to 
the subsequently formed bit line contact or bit line. 
Further, dielectric layer 130 of silicon dioxide is etched 
with high etch selectivity, of about 10, to hard mask 
layer 124 and spacer 125, to prevent exposure of the 

30 conductive layers, polycrystalline silicon layer 122, and 
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metal silicide layer 123, with hard mask layer 124 and 
spacer 125 of silicon nitride. When over-etching is 
performed to force etching of the dielectric 13 0 at the 
bottom of via 131', a part of hard mask layer 124 and 
5 spacer 125 may be removed, thereby exposing the metal 
silicide layer 123, and more seriously, polycrystalline 
silicon layer 122 may be exposed. 

In Fig. IF, a barrier layer 14 0 and conductive layer 
150 are formed sequentially in via 131' as a bit line 
10 contact. The exposed metal silicide layer 123 

electrically connects to the bit line contact. Thus, a 
word line-bit line short occurs. 

SUMMARY OF THE INVENTION 

Thus, objects of the present invention are to provide 
15 a method of forming a bit line contact via, avoiding CB 
openings and word line-bit line short in the process to 
improve process yield and decrease costs of the process. 

In order to achieve the described objects, the present 
invention provides a method of forming a bit line contact 
20 via. First, a substrate having a transistor, comprising a 
gate electrode, drain region, and source region is 
provided. Then, a conductive layer- is formed overlying the 
drain region. Next, an insulating barrier layer is 
conformally formed overlying the substrate. Further, a 
2 5 dielectric layer is blanketly formed overlying the 
insulating barrier layer. Finally, a via is formed through 
the dielectric layer and insulating barrier layer, thereby 
exposing the conductive layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reading the subsequent detailed description in conjunction 
with the examples and references made to the accompanying 
5 drawings, wherein: 

Figs. lA through IF are cross-sections illustrating a 
CB opening and word line-bit line short during conventional 
method formation of a bit line contact via. 

Figs. 2A through 2H are cross-sections illustrating a 
10 method of forming a bit line contact via in accordance with 
one embodiment of the present invention. 

Figs. 3A through 31 are cross-sections illustrating a 
method of forming a bit line contact via in accordance with 
the second embodiment of the present invention. 

15 DETAILED DESCRIPTION OF THE INVENTION 

The following embodiments are intended to illustrate 
the invention more fully without limiting the scope of the 
claims, since numerous modifications and variations will be 
apparent to those skilled in this art. 
20 First Embodiment 

Figs. 2A through 2H are cross-sections illustrating a 
method of forming a bit line contact via in accordance with 
one embodiment of the present invention. 
Step 1 

25 

First, in Fig. 2A, a substrate 200, such as single 
crystalline silicon, having a transistor structure, is 
provided. The substrate 200 has a gate electrode 220 
protruding from an active surface of substrate 200. A 
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drain region 212 and source region 214 are disposed on the 
active surface on both sides of the gate electrode 220 
respectively. Gate electrode 220 is a word line, having a 
mult i- level structure as needed. For example, gate 
5 electrode 220 in Fig, 2A can have a gate dielectric layer 

221 such as an oxide layer, polycrystalline silicon layer 

222 and metal silicide layer 223, such as tungsten 
silicide, as conductive layers, and hard mask layer 224 of 
silicon nitride sequentially from the active surface of 

10 substrate 200. Gate electrode 220 further has a spacer 225 
of, for example, silicon nitride on the sidewall, resulting 
in a width of the exposed drain region 212 between two 
neighboring gate electrodes 220 of approximately 0.038vim or 
less when design rule is reduced to approximately 0.11pm. 

15 Note that this structure of gate electrode 22 0 is an 
example, and is not intended to limit the scope of the 
present invention. Those skilled in the art will recognize 
the possibility for use of any disclosed gate electrode 
structure to process the present invention. 

20 Step 2 

Next, a conductive layer 270 such as doped 
polycrystalline silicon layer is formed overlying drain 
region 212 prior to forming a dielectric layer overlying 
substrate 200 in order to prevent a CB opening and word 

25 line-bit line short from occurring, thereby improving 
process yield and decreasing costs of the process. 

In Fig. 2B, a conductive layer 270 is blanketly formed 
overlying substrate 200 using methods such as chemical 
vapor deposition (CVD) or physical vapor deposition (PVD) . 

30 It is preferable to form a polycrystalline silicon layer. 
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doped with an element in either group 13 (IIlA) or 15 ( Va) 
of the periodic table such as As, as the conductive layer 
270 using CVD. 

In Fig. 2C, the unwanted conductive layer 270 is 
5 removed by etching or chemical mechanical polishing (CMP) , 
the remaining conductive layer 270 is thinner than gate 
electrode 22 0 overlying drain region 212 and source region 
214 among gate electrodes 220. 

In Fig. 2D, a patterned resist layer 2 91 is formed 
10 overlying substrate 200, exposing the conductive layer 270 
overlying source region 214 and other positions not forming 
contact . 

In Fig. 2E, the exposed conductive layer 270 is 
removed by anisotropic etching using patterned resist layer 
15 291 as an etching mask, thereby the conductive layer 270 
remaining overlying drain region 212, predetermined to form 
bit line contact via. The patterned resist layer 292 is 
then removed . 

Note that the aforementioned flow in Figs. 2B through 
20 2E is an example, and is not intended to limit the scope of 
the present invention. Those skilled in the art will 
recognize the possibility of using any flow to process step 
2 of this embodiment. In one example, another patterned 
resist layer (not shown) can be formed previous to the 
25 overlying substrate 200, exposing drain region 212, and the 
conductive layer 270 can then be formed overlying drain 
region 212. In another example, the conductive layer 270 
can be formed directly overlying the drain region 212 using 
a well-controlled recipe by selective deposition. 
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Step 3 

In Fig. 2F , an insulating barrier layer 260 such as 
silicon nitride is conformally formed overlying substrate 
200. When a dielectric layer such as an oxide layer is 
5 subsequently formed overlying substrate 200, insulating 
barrier layer 260 prevents inter-diffusion between the 
dielectric layer and conductive layer 270, which can 
negatively affect the electrical performance of substrate 
200. 
10 Step 4 

In Fig. 2G, a dielectric layer 230 such as an oxide 
layer and patterned resist layer 293 are sequentially 
formed overlying substrate 200. Further, formation of 
dielectric layer 23 0 can be divided into a plurality of 

15 sub-steps such as forming a boro-phosphosilicate glass 
(BPSG) layer (not shown) , capable of filling a tiny hole, 
overlying substrate 200, planarizing the BPSG layer, 
blanketly forming an oxide layer (not shown) overlying the 
BPSG layer using methods such as CVD, using a precursor 

20 comprising tetra ethoxysilane (TEOS) , and planarizing the 
oxide layer. The patterned resist layer 293 has an opening 
293a exposing a part of dielectric layer 230, where a bit 
line contact via is subsequently formed. 
Step 5 

25 In Fig. 2H, a via 231 is formed through dielectric 

layer 230 and insulating barrier layer 260 by 
anisotropically etching dielectric layer 230 and insulating 
barrier layer 260, using patterned resist layer 293 as an 
etching mask. The via 231, exposes conductive layer 270 
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and is a bit line contact via. The patterned resist layer 
2 93 is then removed - 

Thus, the results shown prove the efficacy of the 
inventive method in forming a conductive layer as bit line 
5 contact overlying a drain region prior to forming a 
dielectric layer overlying the substrate, avoiding both CB 
opening and word line-bit line shorts as seen in the known 
art, thereby improving process yield and decreasing costs, 
achieving the objects of the present invention. 
10 Second Embodiment 

Figs- 3A through 31 are cross-sections illustrating a 
method of forming a bit line contact via in accordance with 
the second embodiment of the present invention. 
Step 1 

15 In Fig. 3A, a substrate 300, such as single 

crystalline silicon, having a transistor structure is 
provided. The substrate 300 has a gate electrode 320 
protruding from an active surface of substrate 300. A 
drain region 312 and source region 314 are disposed on the 

2 0 active surface respectively on both sides of the gate 

electrode 320. Gate electrode 320 is a word line, having a 
multi- level structure as needed- For example, gate 
electrode 320 in Fig. 3A can have gate dielectric layer 321 
such as an oxide layer, polycrystalline silicon layer 322 
25 and metal silicide layer 323, such as tungsten silicide, as 
conductive layers, and hard mask layer 324 such as silicon 
nitride sequentially from the active surface of substrate 
300. Gate electrode 320 further has a spacer 325 such as 
silicon nitride on the sidewall, resulting in the width of 

3 0 exposed drain region 312 between the two neighboring gate 
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electrodes 320 of approximately 0.038ijm or less when the 
design rule is reduced to approximately 0.11pm. Note that 
this structure of gate electrode 320 is an example, and is 
not intended to limit the scope of the present invention. 
5 Those skilled in the art will recognize the possibility for 
use of any disclosed gate electrode structure to process 
the present invention. 
Step 2 

In Fig. 3B, a conductive layer 3 00 is conformally 
10 formed overlying substrate 200. More specifically, 

conductive layer 3 00 is formed on the surface of spacer 
325, drain region 312, and source region 314. The 
conductive layer 340 preferably comprises a metal/metal 
compound layer such as a Ti/TiSi layer. 
15 Step 3 

In Fig. 3C, a conductive, doped polycrystalline 
silicon layer 370 is blanketly formed overlying substrate 
300 by methods such as CVD. The doped polycrystalline 
silicon layer 370 is preferably doped with an element in 
20 either group 13 ( IHA) or 15 ( Va) of periodic table, such 
as As . 
Step 4 

During step 4 of this embodiment, the unwanted 
conductive layer 340 and doped polycrystalline silicon 

25 layer 3 70 are removed, remaining the doped polycrystalline 
silicon layer 370 thinner than gate electrode 320 and the 
conductive layer 340 under the remained doped 
polycrystalline silicon layer 370 overlying drain region 
312. During steps 3 and 4 of this embodiment, the present 

3 0 invention forms the conductive, doped polycrystalline 
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silicon layer 370 overlying drain region 312 prior to 
forming a dielectric overlying substrate 2 00, in order to 
avoid CB opening and word line-bit line shorts from 
occurring, thus improving process yield and decreasing 
5 costs of the process . 

In Fig. 3D, the unwanted doped polycrystalline silicon 
layer 3 70 is removed by etching or CMP, remaining the doped 
polycrystalline silicon layer 370 thinner than gate 
electrode 32 0 overlying drain region 312 and source region 
10 314, 

In Fig, 3E, a patterned resist layer 391 is formed 
overlying substrate 3 00, exposing the doped polycrystalline 
silicon layer 370 above source region 314 and other 
positions not forming contact, 

15 In Fig. 3F, the exposed doped polycrystalline silicon 

layer 370 is removed by anisotropic etching, using 
patterned resist layer 391 as an etching mask and 
conductive layer 340 as a stop layer, thereby remaining the 
doped polycrystalline silicon layer 370 overlying drain 

20 region 312 predetermined to form bit line contact. Then, 
the patterned resist layer 391 is removed by methods such 
as ashing using removers such as oxygen plasma, thereby 
exposing the conductive layer 340 overlying source region 
314 and other positions not forming contact. Next, the 

25 exposed conductive layer 340 is removed. When conductive 
layer 34 0 comprises a Ti/TiSi layer, the exposed conductive 
layer 34 0 can be removed by SPM (sulfuric acid-hydrogen 
peroxide mixture) and APM (ammonium hydrogen peroxide 
mixture) . 
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Step 5 

In Fig. 2G, an insulating barrier layer 360 such as 
silicon nitride is conformally formed overlying substrate 
300. When a dielectric layer such as an oxide layer is 
5 subsequently formed overlying substrate 300, insulating 
barrier layer 360 prevents inter-diffusion between the 
dielectric layer and conductive layer 370, which can 
negatively affect the electrical performance of substrate 
300. 
10 Step 6 

In Fig. 3H, a dielectric layer 330 such as oxide layer 
and patterned resist layer 3 93 are sequentially formed 
overlying substrate 300. Further, formation of dielectric 
layer 330 can be divided into a plurality of sub-steps such 

15 as forming a boro-phosphosilicate glass (BPSG) layer (not 
shown) , capable of filling a tiny hole, overlying substrate 
300, planarizing the BPSG layer, blanketly forming an oxide 
layer (not shown) overlying the BPSG layer using methods 
such as CVD, using a precursor comprising tetra 

20 ethoxysilane (TEOS) , and planarizing the oxide layer. The 
patterned resist layer 3 93 has an opening 3 93a exposing a 
part of dielectric layer 330 , where a bit line contact via 
is subsequently formed. 
Step 7 

25 In Fig. 31, a via 331 is formed through dielectric 

layer 33 0 and insulating barrier layer 360 by 
anisotropically etching dielectric layer 330 and insulating 
barrier layer 360 using patterned resist layer 3 93 as an 
etching mask. The via 331 exposes conductive layer 3 70 and 
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is a bit line contact via. The patterned resist layer 393 
is then removed. 

Thus, the results shown prove the efficacy of the 
inventive method in forming a conductive layer as bit line 
5 contact overlying a drain region prior to forming a 
dielectric layer overlying the substrate, avoiding both CB 
opening and word line-bit line shorts as seen in the known 
art, thereby improving process yield and decreasing costs, 
thereby achieving the objects of the present invention. 

10 Although the present invention has been particularly 

shown and described with reference to the preferred 
specific embodiments and examples, it is anticipated that 
alterations and modifications thereof will no doubt become 
apparent to those skilled in the art. It is therefore 

15 intended that the following claims be interpreted as 
covering all such alteration and modifications as fall 
within the true spirit and scope of the present invention. 
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